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Abstract
QED radiative corrections to the amplitude of conversion of two charged pions to two
neutral ones is calculated regarding pions as point-like objects. Two dierent approaches
are considered. Radiative corrections to the pionium life time are found of order of 3.5%.
The general structure of the corrected life time of pionium is discussed.
1 Introduction
The precise measurement of the pionium lifetime [1] provide a crucial experiment to verify
the predictions of the Chiral Perturbation Theory (CHPT) [2]. Considering the conversion
of two charged pions to two neutral due to strong interactions as the main mechanism which
















m+(m+ −m0)(2a2 + a0)
2]−1: (1)
Right-hand side of (1) have a factorized form.One factor jΨn;0(0)j2 have a pure Coulomb-
interaction origin and describe the probability to form the pionium s-wave state. Another
(a0 − a2)2 describes the low-energy pions-conversion process and the quantities a0; a2 are
the scattering lengths in the states with the isotopic spin 0; 2. Remaining factors have a
kinematical origin. The form (1) for −1 determines the form of corrections to it:
−1 = −10 (1 +  )(1 + )(1 + a): (2)
The quantities −10 is given in (1) and corresponds to the case when all corrections are
switched o;  ; a include the corrections arising from modications of Bethe-Salpiter equation
for Ψ(r) due to strong interactions [4]. We will consider now the contribution of electroweak






of the on-shell pions p2i = m
2, q2i = m
2
0, i = 1; 2 in the center-of mass of the initial particles






, where " is the energy of one of pions in the cms. The lowest order virtual correction






















(2p1 − k)(−2p2 − k)
(k2 − 2)(k2 − 2p1k)(k2 + 2p2k)
;




In this eqation ;  are the ultraviolet, infrared momentum cut-o’s,m is the renormalized
pion mass. The quantity a is related with the pion wave function renormalization:
G(k) =
i



































































In the total sum virt + soft the dependence on the photon mass  disappears. Keeping in
mind that the eective velocities in pionium atom are of order of ne structure constant (in
units of light velocity) we may neglect the contributions of order 

2.
In the case of pions being considered as components of pionium atom the emission of
additional real photon is forbidden by quantum numbers. QED radiative correction may be
obtained from the contribution of virtual photons emission,replacing the photon ctitious mass
 by the quantity m. Again, neglecting the terms of order 3 ln 1

we obtain the same result
as for free mesons.
Now we argue that the term 
2

(1 + 2) in square bracket (5) is to be excluded in the nal
expression for  (4). Really it is the lowest order of expansion of the known Coulomb factor
J(x) which is to be included in matrix element module squared with two or more charged
particles in the initial or nal state. This factor describe the Coulomb interaction of charged
2
particles with the small relative velocity v. In the case of equal mass and opposite charges it
have a form (x = 
v








It arises from the region of small energies and 3-momenta of virtual loop photons jk0j ’
m2; j~kj ’ m and is already included into Ψ(0) [5].
Last point is the choice of the ultraviolet cut-o parameter . As well as the Standard
Model is the renormalized theory the convergence of one-loop results will be provided in the
region of large values of loop momentum where quarks are resolved in the pion [6]. It may be
interpreted as the a weak formfactors to be included in this region. So the natural choice is











The contributions from exchanged vector mesons (; 0,...) are to be included into the quantity
a a corrections to the scattered lengths as well as a class of mixed type of corrections which
take into account the contributions of vector mesons, exited mesons and so on, interacting
with the electromagnetic eld by mechanism of vector-meson dominance [7].
Author is indebted to L.L. Nemenov who turn my attention to this problem and to
J. Gasser, A.V. Tarasov and A. Arbuzov for discussions.
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